Abstract. Proton and deuteron production has been observed in S+S and S+Pb collisions at 200 A·GeV and in Pb+Pb reactions at 158 A·GeV at the CERN SPS accelerator. For Pb+Pb triton production was also measured. The p and d spectra as well as the p and t spectra were observed in similar rapidity ranges and over similar ranges of transverse momenta per nucleon, making it possible to interpret the cross sections of the composite particles in terms of coalescence mechanisms. Volumes of homogeneity were extracted and compared to pion-pair HBT interferometry results. Special attention is given to the dependence on transverse mass, centrality and rapidity.
Introduction
The present paper reports on measurements of transverse momentum spectra of protons, deuterons and tritons from Deuterons and tritons are fairly large objects compared to simple hadrons and their binding energies (2.2 and 8.2 MeV, respectively) are small compared to freezeout temperatures, which are on the order 100 MeV. These light clusters are therefore not expected to survive through the high density stages of the collision. The deuterons and tritons observed in the experiment are formed and emitted near freeze-out, and they mainly carry information about this late stage of the collision. This is evident from the simple nucleon coalescence model [3, 4] , where the light cluster A(Z,N) is formed with an invariant multiplicity density in momentum space
where the cluster momentum p A = Ap p and p p is the nucleon momentum, and it has been assumed that the neutron momentum density is proportional to the proton momentum density at freeze-out. The coalescence factor B A can be derived from the measured invariant cross sections and it may be related to a freeze-out (source) volume V under conditions of thermodynamical equilibrium (thermal and chemical equilibrium),
Here R np is the ratio of neutrons to protons participating in the collision, γ is the the Lorentz factor related to the velocity β of the cluster A(Z,N) by γ = 1/ 1 − β 2 . Equation (2) is valid only in the limit of the cluster binding energy being much smaller than the freeze-out temperature and for clusters that have no bound excited states.
The experiments presented here pay special attention to the transverse mass (m t ) and rapidity dependence of the measured B A -values. The observed m t -dependence, in particular, shows that the simple thermodynamic expression (2) is not the proper model for an interpretation of the data; instead more complicated models that include collective flow explicitly [6-9] must be invoked. Under the conditions of special flow patterns Scheibl and Heinz [9] have derived an extension of (2) that allows the comparison of interaction volumes or rather "lengths (or volumes) of homogeneity" derived from Hanbury-Brown, Twiss (HBT) interferometry, with similar volumes derived from cluster formation cross sections. Such an analysis is presented for the Pb+Pb case at a nucleon transverse mass of ≈1 GeV, and good agreement between the volumes of homogeneity from interferometry and coalescence is demonstrated. The observed dependence of B 2 on rapidity, however, disagrees with the model of [9] . Finally, an analysis of the triton formation by coalescence is presented, also in terms of the models of [6] [7] [8] [9] .
Measurements of deuteron coalescence in high energy heavy ion collisions have been reported previously both at AGS energies [20] [21] [22] [23] [24] from 10 to 14.6 A·GeV/c and at SPS energies [25] [26] [27] [28] [29] at 200 or 158 A·GeV/c. Of these, the AGS results of Si+A [20] and Au+Au [22] collisions as well as the SPS results of [25] are of special importance for the present study because they also deal with the systematics of deuteron production as function of rapidity, centrality, mass and transverse mass. The data reported in [26] [27] [28] are preliminary versions of part of the presently reported results.
The paper is organised as follows: Sects. 2 and 3 present the necessary experimental details and the data, respectively. In Sect. 4 we present the mass systematics of single particle inverse slopes, while Sect. 5 is devoted to the 
Experiment and data analysis
The data were measured with the NA44 magnetic spectrometer [10] using 158 A·GeV/c 208 Pb or 200 A· GeV/c 32 S ions from the CERN SPS accelerator. For Pb+Pb reactions protons, deuterons and tritons were measured at magnetic field settings corresponding to mean momenta of 8 GeV/c, protons and deuterons at momenta of 4 GeV/c and finally protons at 2 GeV/c, all at a polar angle relative to the beam direction of 129 mrad. The corresponding acceptances in p t − y (transverse momentum and rapidity) space are shown in Fig. 1 , and are also quoted in Table 1, as m t − m and y intervals (m t is the transverse mass m t = (p 2 t + m 2 ) 1/2 and m the mass). It may be seen that the deuteron and proton data are in identical rapidity intervals while the tritons (8 GeV/c) are in an interval that lies 0.1 units higher than the 2 GeV/c protons. In the coalescence analysis to follow, this difference has been ignored. The quality of the particle identification made from the three time-of-flight measurements is demonstrated in Fig. 2 .
The main trigger was provided by a scintillator (T 0 ) placed immediately behind the target, covering pseudo rapidities from 1.3 to 3.5. The offline centrality cuts were made from the additional information from a silicon-pad
